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Radiological	 diagnosis	 of	 pneumoperitoneum	 in	 children	 with	 typhoid	 intestinal	
perforation	
















reviewed	by	 the	 same	radiologist	who	was	blinded	 to	 the	 intraoperative	 findings,	 for	 the	




ratio	 1.57:1).	 Pneumoperitoneum	 was	 detected	 in	 47	 patients	 (87%).	 In	 the	 erect	
abdominothoracic	films,	air	under	the	right	hemidiaphragm	was	detected	in	16	of	41	cases	
(39%),	and	extraluminal	or	intraperitoneal	air–fluid	levels	in	31	of	41	cases	(75.6%).	In	the	













pain	association	with	 tenderness,	 rigidity,	and	guarding,	most	pronounced	over	 the	right	 iliac	
fossa;	experience	and	a	high	index	of	suspicion	may	however	be	required	for	some	patients	in	a	
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migrate	 to	 the	 least	 dependent	 portion	 of	 the	 peritoneal	 cavity,	 such	 that	 supine	 abdominal	
radiographs	may	be	the	only	films	feasible.7,8	Signs	indicating	the	presence	of	pneumoperitoneum	
are	based	on	direct	 identification	of	 peritoneal	 ligaments	and	other	 structure	which	 are	 only	
visible	when	outlined	by	air.8,9	











Data	 were	 collected	 on	 a	 structured	 questionnaire	 and	 analysed	 using	 SPSS	 version	 15.0.	
Descriptive	statistics	were	computed	for	continuous	variables,	while	proportions	were	used	for	









above	 from	 the	 fundus	 of	 the	 stomach	 below.	 This	 was	 seen	 in	 11	 of	 the	 41	 of	 the	 erect	
abdominothoracic	films	(26.8%).	
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Extraluminal	or	intraperitoneal	air–fluid	levels:	This	appears	as	an	air–fluid	interface	between	a	
radiolucent	 region	 of	 intraperitoneal	 gas	 collection	 above	 and	 a	 radio-opaque	 region	 of	


























Air	 in	 fissure	 of	 ligamentum	 teres	 sign:	 This	 appears	 radiographically	 as	 a	 vertically	 oriented,	
sharply	defined,	 slit-like	or	oblong	area	of	 hyperlucency	 found	about	2.5	 to	4	 cm	 right	 of	 the	
vertebral	border,	between	the	tenth	to	twelfth	ribs.10	This	was	seen	in	22	(44%)	of	the	supine	
abdominal	films	(Figure	4).	
Triangle	 sign:	 This	 appears	 as	 a	 sharply	 defined	 triangular	 area	 of	 lucency,	 extraluminal	 in	
location.10	It	was	visualised	in	2	(4%)	of	the	supine	abdominal	films	(Figure	4).	
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Table 1: Summary of radiographic findings in 54 cases of pneumoperitoneum in children, 
resulting from typhoid intestinal perforation 
Sign No. of cases No. of films % 
Erect abdomino-thoracic films    
 Air under right hemidiaphragm 16 41 39 
 Air under left hemidiaphragm 11 41 26.8 
 Extraluminal/intraperitoneal air–fluid levels 31 41 75.6 
Supine abdominal films    
 Right upper quadrant gas sign 23 50 46 
 Liver edge silhouette sign 12 50 24 
 Air in fissure of ligamentum teres sign 22 50 44 
 Rigler’s sign 16 50 32 
 Triangle sign 2 50 4 
 Falciform ligament sign 9 50 18 
 Football sign 12 50 24 
 Inverted V sign 0 50 0 
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typhoid	bacilli	 are	drained	 into	 the	mesenteric	 lymph	nodes	and	 subsequently	 into	 the	blood	
stream	via	the	thoracic	duct.1,	11	Humans	do	not	react	clinically	to	the	initial	invasion	step,	as	the	
invading	 S.	 typhi	 may	 follow	 a	 simple	 default	 pathway	 favoring	 limiting	 activation	 of	 the	
inflammatory	response.14	As	a	result	of	this	silent	primary	bacteraemia	the	pathogen	reaches	an	
intracellular	 haven	 within	 24	 hours	 after	 ingestion	 throughout	 the	 organs	 of	 the	
reticuloendothelial	system	(spleen,	liver,	bone	marrow),	where	it	resides	during	the	incubation	
period,	which	usually	spans	between	8	and	14	days,	although	this	may	decrease	due	to	a	large	
quantity	of	 inoculum,	or	due	 to	host	 factors.1	At	the	end	of	 the	 incubation	period,	 the	 typhoid	
bacilli	are	released	into	the	blood	stream	to	invade	the	liver,	spleen,	bone	marrow,	gall	bladder	
and	 the	 intestines,	with	 this	 secondary	 bacteraemia	 heralding	 the	 onset	 of	 clinical	 signs	 and	
symptoms.12	 Clinical	 illness	 is	 accompanied	 by	 a	 fairly	 sustained	 but	 low	 level	 of	 secondary	
bacteraemia	(about	1	to	10	bacteria	per	mL	of	blood).1	
The	primary	site	of	Salmonella	 infection	occurs	at	specialised	microfold	or	M	cells,	which	are	





structures	 per	 cm2	 throughout	 the	murine	 small	 intestine,	 resulting	 in	more	 than	 1000	 SILT	
structures	 in	 the	 intestine.13	 Evidence	 also	 suggests	 that	 SILTs	 can	 be	 important	 in	 S.	 typhi	
infection	 in	 humans,	 as	 both	 PP	 and	 SILTs	 displayed	 inflammation	 in	 a	 study	 of	 typhoid	
patients.11,15	
Following	 the	 onset	 of	 secondary	 bacteraemia,	 disseminated	 Salmonella	 show	 a	 tropism	 for	
tissues	that	contain	a	high	number	of	phagocytic	cells,	such	as	the	spleen,	liver,	bone	marrow	and	
intestinal	 lymphoid	 tissues,	 with	 the	 bacteria	 inducing	 further	 recruitment	 or	 expansion	 of	
monocytic	and	macrophage	cells	and	enlargement	of	these	structures.11,13	During	the	first	week	
of	 the	 clinical	 illness	 when	 the	 temperature	 is	 rising,	 and	 abdominal	 tenderness	 and	 bowel	
symptoms	may	develop,	the	Peyer’s	Patches	(PP)	in	the	distal	ileum	and	the	SILTs	in	the	terminal	
ileum	and	proximal	colon	become	hyperaemic	and	hyperplastic.3,13	Collectively,	a	total	of	several	
hundred	 inflammatory	 foci	 are	present	 in	 the	 entire	 intestinal	mucosa	of	 Salmonella-infected	







days)	 however,	 has	 been	 reported	 by	 various	workers	 from	 various	 regions	 of	 the	world	 for	
patients	 who	 develop	 intestinal	 perforation	 from	 typhoid	 fever.2,15-18	 Perforations	 may	 be	




















such	 as	 the	 child	 with	 typhoid	 intestinal	 perforation.8,10,20	 In	 this	 study,	 combining	 the	
radiographic	 signs	of	 pneumoperitoneum	 from	both	 erect	 abdominothoracic	 radiographs	and	




In	 our	 study,	 the	 most	 common	 sign	 of	 pneumoperitoneum	 seen	 on	 supine	 abdominal	
radiographs	was	the	right	upper-quadrant	gas	sign	(46%).	This	is	an	agreement	with	the	findings	
of	some	workers	who	believe	that	it	 is	probably	the	single	best	sign	of	pneumoperitoneum	on	









inferior	 to	 the	 eleventh	 rib,	 in	 an	 area	 known	 as	 the	 Rutherford	 Morrison	 pouch	 or	 the	
hepatorenal	fossa.7,10,21	
Given	that	small	intestinal	dilatation	is	a	fairly	frequent	finding	in	perforated	and	non-perforated	
typhoid	 fever	patients,	 its	presence	on	plain	abdominal	radiographs	may	help	distinguish	 this	
disease	form	other	abdominal	conditions.3	
A	major	limitation	of	this	study	is	that	preoperative	diagnosis	of	typhoid	intestinal	perforation	
was	 primarily	 based	 on	 clinical	 features	 of	 a	 history	 of	 fever	 followed	 by	 abdominal	 pain,	
distension	and	tenderness.	It	was	supplemented	by	radiological	findings	of	pneumoperitoneum	
and	intra-operative	findings	of	an	oval	perforation	disposed	longitudinally	on	the	anti-mesenteric	
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Conclusions	
Our	study	has	shown	that	 the	combination	of	different	 types	of	plain	abdominal	and	 thoracic	
radiographs	 improves	 the	detection	of	pneumoperitoneum	in	children	with	 typhoid	 intestinal	
perforation.	
It	 is	 however	worthy	of	note	 that	 although	 the	 radiographic	detection	of	 pneumoperitoneum	
remains	a	reliable	sign	of	bowel	perforation,	its	absence	does	not	invalidate	the	diagnosis.	
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